Objective The aim of this study was to evaluate, ex vivo, the histological effects of 445-nm diode laser (Eltech K-Laser srl, Treviso, Italy), during an oral soft tissue biopsy. Materials and methods Thirty samples from pig cadaver tongues were obtained, through five laser settings, in continuous and pulsed wave (CW and PW). Samples were divided into six groups of five pieces each. A control specimen was taken by a scalpel. All samples were examined with an optical microscope by a blinded pathologist. Thermal effects on epithelium and connective tissues were measured with LAS 4.8 software. Finally, a statistical evaluation was made using GraphPadPrism 7.0 software. Results All specimens, except one, showed a damage lower than 1 mm. Readability was always optimal; there was a different thermal effect between epithelial and connective tissue and in CW and PW samples, confirmed by statistical analysis too. Conclusions A 445-nm diode laser creates a minimum thermal effect, that has no implications in the histological evaluation of benign lesions. In suspicious lesions, a safety margin of 1 mm, compared with a scalpel, is preferable. Clinical relevance A 445-nm diode laser has excellent surgical properties and can manage many arduous clinical cases, such as vascularized lesions. In the excision of suspected lesions, it is necessary to compare, case by case, clinical advantages to possible histological implications.
Introduction
In the last few decades, clinical experience showed different advantages in using a laser device rather than a scalpel during oral soft tissue surgery.
Laser is a minimally invasive technology with analgesic and anti-inflammatory properties [1, 2] . Some wavelengths allow a great surgical visibility because of laser-hemoglobin interaction resulting in a bloodless operative field. This is very important, for example, in patients with coagulation disorders. Furthermore, the laser transmission of energy makes possible to proceed, in certain cases, with a reduced use of local anesthetics, that is helpful in children or people with disabilities. In addition, the lack of vibration, for some laser devices, makes the device very practical in some surgical procedures.
Finally, some laser wavelengths show bio-stimulation effects on hard and soft tissues [3, 4] .
With these multiple advantages, there is a controversy about the use of laser in oral biopsies of suspected dysplastic or neoplastic lesions because of the thermal effects occurring on the edge of the surgical sample. A biopsy is a surgical procedure necessary to determine the presence or extent of a disease [5] . It is essential to keep margins readable and safe, to facilitate the pathologist's examination, because laser may induce histological modifications [6] .
These artifacts may compromise the readability of the edges of specimens and the pathologist could not verify the effective extension of the lesion, leading to a problem especially in dysplastic and neoplastic lesions, where the infiltrating evaluation is fundamental for the therapeutical approach [7] . So, for this kind of lesion, a scalpel incision is still considered the gold standard technique.
According to the literature, it was always possible to acquire a histological diagnosis but not the effective extensions, especially with the Nd:YAG laser, that creates a considerable peripheral damage. In recent studies, the KTP and diode lasers have been used in biopsy procedures without evident histological artifacts [8] [9] [10] .
The diode laser at 445 nm is a device emitting blue light ray inside the visible spectrum. The wavelength of this laser is more strongly absorbed by hemoglobin than the classical diode laser, KTP and Nd:YAG.
In fact, the 445 nm is the nearest wavelength to the maximum peak absorption of hemoglobin.
This device can effectively cut soft tissue with lower bleeding complications, becoming very useful in different fields of dentistry [11] .
The aim of this study was to evaluate, by an ex vivo experience, the histological effects of a peri-incisional thermal effects of a surgical 445-nm diode laser (Eltech K-Laser srl, Treviso, Italy) during an oral soft tissue biopsy.
Materials and methods
The study was performed ex vivo using five tongues of pig cadavers, deceased within 24 h, and chosen since of its similar histological and physiological structure to the human tongue.
A 445-nm diode laser (Eltech K-Laser srl, Treviso, Italy) was used to collect 6 samples from every tongue. A total of thirty samples with the same size (1 cm 2 ) were obtained.
One control specimen was taken using a Bard-Parker no.15 scalpel.
In the first phase of the study, 30 samples were subdivided into 6 groups (A, B, C, D, E, F) corresponding to the different settings that were analyzed. Group S was referred to the scalpel specimen and served as control.
The 6 samples were obtained with different laser parameters with the same settings in every tongue.
So, at the end, it was possible to obtain 6 different groups and every group consisted of 5 samples.
Laser was used with two different emission modes: continuous wave (CW) and pulsed wave (PW) at a frequency of 50 Hz.
Powers were increased from 2 to 4 W in every mode; in CW, the power was set to 2 W in group A, 3 W in group B, and 4 W in group C; in PW, the power was set to 2 W in group D, 3 W in group E, and 4 W in group F, as shown in Table 1 .
The diameter of the optical fiber was 320 μm.
All the samples were taken by the same expert operator, while a second one placed the various specimens in sterile test tubes, labeled alphanumerically, containing a 10% formalinbuffered solution.
In the second phase of the study, the specimens were embedded in paraffin and stained with hematoxylin and eosin for the histological evaluation, that was performed by a blinded pathologist. The histological analysis was made by an optical microscope (Leica DM 2000) at a magnification of × 10 and × 40; the width of thermal damage in the peri-incisional epithelial and connective tissue was measured by the LAS 4.8 software (Figs. 1, 2, 3, 4, 5, and 6).
Finally, a statistical evaluation was elaborated using Graph Pad Prism 7.0 software.
All groups were compared with each other using a comparison T test, to assess whether there were statistically significant differences among them.
Results
All specimens, except one, showed a damage lower than 1 mm, with no significant peripheral thermal damage.
The mean damage in each group for both epithelium (Ep) and connective (Con) tissues is shown in Table 2 .
Epithelium damage was low in every sample ( Fig. 7) with a maximum value of 323 μm. The higher value was obtained on connective tissue in group B 1.164 μm. This last value has a relative significance considering that the second higher value on connective tissue was 653 μm (group F).
Since there were important differences between the values, the mean for all the groups was calculated: the damage's mean on epithelium tissue was 94.10 ± 65.59 μm while on the connective tissue, it was 362.10 ± 210.44 μm.
Obviously, no damage was observed in the control group.
Statistic T test showed that 445-nm diode laser caused lower effects on epithelium than on connective tissue.
With α = 0.05, the resulting p value was less than 0.0001 so it was possible to determine a significant difference between epithelium and connective tissue.
The mean damage of each group showed others' important differences between groups A, B, and C (obtained in CW) and groups D, E, and F (obtained in PW).
Generally, PW show better results than CW in both epithelium ( Fig. 8 ) and connective layers ( Fig. 9 ). Groups with the same power were compared (group A with group D, group B with group E, group C with group F).
The T test, in this case, showed that, with α = 0.1, it was possible to determine a significant difference between CW and PW: in epithelium tissue, group D showed less thermic effect than group A, while in connective tissue, group E showed less thermic effect than group B.
Discussion
A 445-nm diode laser emits a blue visible radiation that has a fine cutting ability and an excellent absorption by hemoglobin resulting in a bloodless operative field. It was recently introduced in Dentistry.
These characteristics make this device a good support for the clinician and an alternative to the traditional surgical technique. However, there is a controversy about the use of laser in the oral biopsy of suspected dysplastic or neoplastic lesions because of the thermal effect occurring in the specimen.
During a biopsy, it is mandatory to preserve the integrity of the specimen, especially in suspicious lesions, to keep the margins of the specimen readable and intact. Consequently, all devices that have thermal or traumatic effects on the surrounding tissues may compromise a safe and clear histological evaluation. [12] [13] [14] A 445-nm diode laser has rarely been analyzed as regards the histological effects.
Our study shows that 445-nm diode laser causes a restricted epithelium damage, especially in PW with low powers. Connective damages are more relevant, especially in CW with medium powers. These results were easily predictable considering the higher vascularity of connective tissue compared with epithelium tissue and considering the high affinity of 445-nm laser for hemoglobin. Furthermore, PW shows better outcomes as opposed to CW because of the presence of the thermal relaxing time (TRT). Laser in CW works constantly on the tissue while in PW gives the possibility to the cellular layers to recover in a short time.
With high power (4 W), both CW and PW determine restricted damages (groups C and F).
In fact, low powers force the operator to revise several times the edge of the specimen. On the contrary, high powers permit an easy cut for the clinicians that can spend less time to get the sample. However, both CW and PW result in lower thermal damages.
In the literature, laser surgery is widely proposed for the oral soft tissues.
Akbulut et al. treated 27 patients with different benign lesions using 810-nm diode laser, showing that diode may be the best choice for oral soft tissue surgery, because they obtained acceptable healing with minimal adverse effect. [15] In many cases, the advantages of diode laser compared with conventional scalpel surgery were described. D'Arcangelo et al. [16] and Ortega-Conception et al. [17] compared both techniques and concluded that diode laser offers a lot of advantages such as a lower intra-operative bleeding, a lower postoperative edema, a significant better coagulation and healing with no suture, a reduction of surgical time, and a minimal post-operative pain.
By contrast, Jin et al. reported that diode laser produced greater tissue damage compared with the conventional scalpel and the Er Cr: YSGG laser. [18] Kharadi et al. [19] in their pilot study showed that, 6 months after surgery, no patients with oral leukoplakia treated by diode laser had malignant transformation. Within the limits of this preliminary study, they concluded that 940-nm diode laser can be safely used in the treatment of homogeneous leukoplakia.
Romeo et al. showed optimal outcomes with 532-nm KTP laser. When high powers were used, KTP laser caused a damage very similar to laser 445 nm. However, with low powers, KTP laser showed a damage of 50 μm, less than the mean values obtained with a blue laser [14] .
Another study investigated the CO 2 laser histological effects. With powers very similar to those described in our study, statistical evaluation showed better results with CO 2 [20] . This can be explained by the different affinity of the two lasers for blood Table 2 The mean damage obtained in each group for both epithelium (Ep) and connective (Con) tissues cells. In fact, CO 2 operates very well on hydroxyapatite and on water but not hemoglobin. For this reason, CO 2 laser, in vivo, has a lower coagulative effect than 445-nm diode laser or KTP, so a clinical pre-evaluation is mandatory case by case.
In Dentistry, CO 2 laser was the first laser introduced with excellent cutting precision, and thus, performing less invasive surgery [21] . Suter et al. [22] reported a lower collateral thermal damage at the edge of the lesion with this laser, in contrast with Cercadillo-Ibargueren et al. [23] . Cercadillo-Ibargueren et al. showed that the CO 2 and diode lasers always produced higher values of carbonization, probably due to higher power level and the continuous wave used [23] .
In general, a correct diagnosis after a laser biopsy can be made.
Azevedo et al. [24] concluded that lasers can be used in soft tissues biopsies of the oral cavity, enabling a correct histopathological analysis, as long as the biological effects of each laser type are considered.
Rizoiu et al. even showed no differences in histological examination between peri-incisional margins of samples excised by Er,Cr:YSGG laser and scalpel [25] .
Scientific papers about blue lasers confirm our results; Gobbo et al. compared, in vivo, the use of the innovative 445-nm diode laser with two traditional surgical techniques: the infrared diode laser and the quantic molecular resonance scalpel in the excision of benign oral lesions. They showed that all techniques permit the correct histological sampling, although the blue laser minimizes risk of bleeding with limited thermal damage [26] .
Moreover, according to our research, Fornaini et al. compared the cut ability and the increase of the temperature of the 450-nm diode laser and concluded that the use of 450-nm blue diode laser in oral surgery may be suggested to the clinician in their daily practice [27] .
Conclusions
The study shows that the pathologist was ever able to make the histologic evaluation of the tissue after a laser biopsy.
Blue laser 445 nm has excellent surgical properties and it can manage many arduous clinical cases, such as vascularized lesions or lesions located in anatomical areas difficult to reach.
Also, 445-nm laser, such as every laser, creates a minimum thermal effect, that has no implications in the excisions of benign lesions.
In the management of suspected lesions, in which peripheral thermal damage may compromise the evaluation of the real extent of the lesion, it is necessary to compare, in every single case, clinical advantages to possible histological complications, keeping a safety margin of 1 mm in CW and 0.7 mm in PW compared with scalpel incision.
However, it should be considered that this is an ex vivo study on healthy tissues with no lesions. In vivo experiences must be performed to determine if the thermal effects produced on a lesion and perilesional tissue are determinant for the histopathological study of the sample.
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of interest.
Ethical approval This article does not contain any studies with human participants or animals performed by any of the authors. The study was performed ex vivo using pig cadaver tongues, deceased within 24 h, purchased at the butcher's.
Informed consent For this type of study, formal consent is not required. 
